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Experimental Section
Materials. All starting materials were purchased from commercial sources and used as received. The solvents used for synthesis were of analytical grade unless stated otherwise. The solvents used for photophysical measurements were of HPLC grade.
The compounds 2-ethynyl-1,3-dimethyl-1H-imidazol-3-ium hexafluorophosphate,
[(C^N^N)PdCl] (HC^N^N = 6-phenyl-2,2'-bipyridine) and sodium 2,3,4-tris(dodecyloxy)benzenesulfonate were prepared according to modified literature methods. [1] [2] [3] [4] [5] Characterization. 1 H, 13 C, Single crystals of 1a (red needles) suitable for X-ray diffraction analysis were obtained by diffusion of diethyl ether into the DMF solution, while single crystals of 1a (yellow blocks) were obtained by evaporation of the CH3CN solution. The diffraction data were collected on a Bruker D8 Venture single crystal X-ray diffractometer. The crystal was kept at 100 K during data collection. Using Olex2, the structure was solved with the ShelXS or XT structure solution program using Direct
Methods and refined with the XL refinement package using Least Squares minimisation.
Synthesis and Characterization
Compounds 2-ethynyl-1,3-dimethyl-1H-imidazol-3-ium hexafluorophosphate, [(C^N^N)PdCl] (HC^N^N = 6-phenyl-2,2'-bipyridine) and sodium 2,3,4-tris(dodecyloxy)benzenesulfonate were synthesized via literature methods with modifications.
1-5
Synthesis of 2-ethynyl-1,3-dimethyl-1H-imidazol-3-ium hexafluorophosphate [1] 1-methyl-1H-imidazole (36.5 mmol, 3.0 g) was dissolved in THF (100 mL). n BuLi (2.5 M in hexane, 18 mL) was added dropwisely at 78 o C. After stirring for 2 h, the temperature was raised to 60 o C and I2 (43.8 mmol, 11.12 g) in THF (40 mL) was added slowly. The mixture was stirring at RT for another 16 h and the reaction was quenched by Na2S2O3 (aq, saturated). Organic phase was collected by extraction with CH2Cl2 and dried over anhydrous Na2SO4. After evaporation under reduced pressure, the light yellow solid was collected. Recrystallization from CH2Cl2 and hexane gave pure 2-iodo-1-methyl-1H-imidazole (5.86 g, yield: 77% [2] [3] Phenyllithium (36 mL, 1 M in Et2O) was added dropwise to 2,2'-bipyridine (30 mmol, 4.68 g) in 40 mL Et2O at 0 o C. The reaction was kept overnight while the temperature was raised to RT spontaneously. Then, the organic phase was extracted with Et2O after 50 mL was added to quench the reaction. The Et2O phase was dried over anhydrous Na2SO4 and concentrated to dryness. After 70 mL acetone was added to dilute the sample, KMnO4 (saturated in acetone) was added dropwise while stirring till the solution color remain slightly purple. The filtrate was purified by column chromatography (eluent: Et2O/Hexane = 2/7) to give a white solid. The crystalline pure target compound 6-phenyl-2,2'-bipyridine was obtained (1.5 g, yield: 22%). [4] [5] Pyrogallol (80 mmol, 10.1 g) and K2CO3 were added to DMF (125 mL) and the temperature was raised to 60 o C. Then BrC12H25 (260 mmol, 62.4 mL) was added dropwise to the system and the reaction was kept stirring at 60 o C overnight. by adding NaOH (aq) with NaCl (aq). After stirring for 0.5 h, the reaction mixture was extracted with EA (50 mL) for three times. The organic layer was dried over anhydrous Na2SO4. The organic layer was concentrated and purified by column 
Synthesis of sodium 2,3,4-tris(dodecyloxy)benzenesulfonate
Syntheses of Complexes 1a, 1b and 1c:
Scheme S1. Illustration of the synthetic procedure for complexes 1a, 1b and 1c a The solid-state emission data of 1a illustrated here is the one with the emission peak maximum at longest wavelength ever measured (consistence with the spectra show in Figure S13 ). As the emission spectra of 1a is strongly dependent of the PdPd interactions, the emission spectra varies from time to time, depending on the subtle variations for post-treating and measuring conditions, which may result in the alteration of the PdPd distances.
NMR spectra
Complex 1a Figure S1 . 1 H-NMR spectrum of 1a in CD3CN (500 MHz) Figure S2 . 13 C-NMR spectrum of 1a in CD3CN (126 MHz). emission spectra of 1a shown here is the one with the emission peak maximum at longest wavelength ever measured, which is consistence with the photophysical data list in Table S2 .)
Complex 1a
Figure S14. Normalized solid-state emission (excitation @ 400 nm) spectra changes of complex 1a at variable temperatures (77-377 K), starting from red powder in ambient conditions. 
Supramolecular aggregation model analysis for complex 1c in toluene
The isodesmic self-association model assumes that monomers aggregate in an one dimensional, noncyclic manner. 6, 7 The reversible formation of noncovalent bonds is identical for all binding, in which the equilibrium constants and Gibbs free energy changes are equal for each step of the aggregation process. The cooperative nucleation-elongation model describes the equilibrium between the monomer pool and supramolecular polymers (oligomer nucleus formation), and the cooperative growth of the latter, [7] [8] [9] [10] in which the process can be separated into a nucleation and an elongation phase.
The temperature-dependent isodesmic self-assembly model can be described by the function as:
Whereas, ΔH is enthalpy corresponding to the aggregation process and Tm is the melting temperature.
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The temperature-dependent nucleation-elongation self-assembly model can be described by the functions in two regimes:
Nucleation regime:
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Elongation regime:
Whereas, ΔHe is enthalpy corresponding to the aggregation (elongation) process; Te is elongation temperature; αsat is parameter introduced in the equation to ensure that αagg/αsat does not exceed unity; Ka is dimensionless equilibrium constant of the activation step at the elongation temperature; <Nn> is the number-averaged degree of polymerization in the elongation regime, averaged over all active species.
According to the fitting results with both cooperative nucleation-elongation and isodesmic models, the data (= 528 nm) for the degree of aggregation against temperature imply the aggregation process of 1c prefers the cooperative model ( Figure S20-22 ). 10.8
Computational Results
All calculations were performed with Gaussian09 suite of program 11 employing density functional theory (DFT) and time-dependent density functional theory (TDDFT). Fully geometry optimization of ground state and the lowest triplet excited state (T1) were carried out for monomeric and dimeric Pd(II) NHA cations. Functional B3LYP 12 with the third generation dispersion correction (D3) 13 was applied. The effective core potentials (ECPs) and its accompany basis set LanL2DZ 14, 15 was employed for Pd atom, the 6-31G(d) 16 basis set was employed for other atoms. Frequency calculations were performed at the same theoretical level to verify the correct stationary points. TDDFT calculations were done based on the fully optimized ground state structure to obtain the energy of vertical electronic excitation and the corresponding oscillator strength. The solvent effects have been studied using self-consistent reaction field (SCRF) method based on PCM models 17, 18 with toluene as solvent based on the solvent media for experiments. 
